Introduction
UHMWPE owns many excellent properties, like high strength, high modulus, chemical resistance, impact resistance, incision resistance etc. , which has the lowest density among the high modulus soft fibers in the world [1] . Relevant researches [2~4] show that mixing UHMWPE into concrete can increase the impact toughness and tensile strength significantly, which will improve the penetration resistance property. During actual engineering applications, concrete is always in complex stress conditions. When under triaxial compression, concrete will show an improvement in strength and toughness, which means uniaxial compression or tension test would not satisfy the demand of complex stress condition analysis and design. Some research [5~8] has been conducted to investigate the mechanical behavior of steel fiber reinforced concrete under triaxial compression, however there is no relevant research in UHMWPE fiber reinforced concrete.
In order to recognize the effect of UHMWPE on concrete under triaxial compression, we used MTS 815 test machine to give five kinds of confining pressure (0MPa, 3MPa, 6MPa, 12MPa, 18MPa) on UHMWPE fiber reinforced concrete in four kinds of fiber volume fraction (0%, 0.3%, 0.5%, 0.7%), respectively. Through analyzing the stress-strain curves, the influences of fiber volume fraction and confining pressure on concrete's compression properties are researched systematically. The conclusions are helpful for building the constitutive model of UHMWPE fiber reinforced concrete in next step of research.
Experiment Preparation

Materials and Mix Proportion.
Cement is P.O 42.5 Portland cement, which comes from Zhe Jiang South Cement Company. Coarse aggregate is well graded with grain diameter between 5 to 10 mm. Fine aggregate comes from Xiang Jiang, which fineness modulus is 2.5 and apparent density is 2.68 g/cm 3 . Tiny silicon powder is produced by Hu Nan Saibort Building Material Company, which specific surface area is 25000 m Naphthalene water reducer is adopted which water-reducing rate is 26.5%. Water comes from water supply company. UHMWPE is made by Hu Nan Zhongtai Company, which properties are shown in Tab. 1 MTS 815 rock triaxial test system, made by America, is adopted as the test machine. The highest uniaxial load range of this system is 4600 KN and highest confining load range is 140MPa, with ±0.5% measuring precision. It can give out stress-strain curve, elasticity modulus and poisson ratio of concrete specimens under different confining pressure accurately.
According to the test machine, the size of the specimens was designed to be φ50mm×100mm cylinder and all the specimens were divided into twenty groups. Each group had five specimens, which had same fiber volume fraction and confining pressure. Three of them were tested and the rest of two were standby. After vibrating and modeling, they were kept into standard conserving room for 28 days.
The test method of this research is according to CECS13-2009 [9] .
Results and Analysis
Stress-strain Curves.
The typical stress-strain curves are shown in Fig. 1 . According to lecture [10] , the stress-strain curve of concrete under triaxial compression can be divided into four stages: elasticity, stress soften, strain soften and damage. For UHMWPE fiber reinforced concrete, from 0 stress to 85% peak stress, the curve is in elasticity. After that to peak stress, the stress becomes soft with the strain's growth. Then the stress reduces with the strain's continuing growth which called strain soften until damage.
The effect of confining pressure mainly shows in strength. Along with the improving in confining pressure, the peak stress of fiber concrete grows. It can be seen that for the plain concrete, the peak stress under 18MPa confining pressure is 2.33 times of that under 0MPa confining pressure. At the same time, confining pressure changes the elasticity modulus in a certain extent during elasticity stage. The affect extent also depends on the fiber volume fraction. For 18MPa confining pressure, the elasticity modulus of each fiber volume fraction differs apparently.
The effect of fiber volume fraction mainly shows in ductility. On one hand, the limit strain of fiber reinforced concrete is always higher than that of plain concrete under any confining pressure. This indicates that mixing UHMWPE fiber could improve the concrete's ductility. On the other hand, it is not true that the bigger the fiber volume fraction is, the higher the limit strain is. It also depends on the confining pressure. This shows that fiber volume fraction and confining pressure have synergistic effect on concrete's ductility. 3, from which we can see that confining pressure and fiber volume fraction both have affection in concrete's strength. By using formula (1), the relationship between strength and confining pressure for each fiber volume fraction can be fitted, respectively. Then the value of A and B are calculated in Tab. 4 and the fitting curves are drawn in Fig. 2 (a) . 
The fitting curves show that formula (1) can reflect the relationship between strength and confining pressure of UHMWPE fiber reinforced concrete very well. However, it can be seen that different fiber volume fraction has different value of A and B. Through observing, we found that quadratic function could fit the relationship between A (B) and fiber volume fraction well. The fitting formulas are shown in formula (2) and formula (3) while the fitting curves are shown in Fig.  3 . = 2.04 − 5.14 + 9.29
= 0.33 − 1.03 + 2.06 2 (3) By using formula (2) and formula (3), the value of A and B for each fiber volume fraction are calculated again as A 0 and B 0 , respectively. Then in formula (1), A is replaced by A 0 while B is replaced by B 0 for each fiber volume fraction and the fitting curves are drawn again, which are shown in Fig. 2 (b) . Comparing the new fitting curves with the test values, we can find that new fitting curves can also reflect the relationship between strength and confining pressure very well. Thus, considering formula (1), (2) and (3), formula (4) is found to reflect the relationship between the strength of UHMWPE fiber reinforced concrete, confining pressure and fiber volume fraction. (a) Fitting curves by using A and B (b) Fitting curves by using A 0 and B 0 Fig. 2 Fitting curves of the relationship between strength and confining pressure 3.3 Compression Toughness. There are many ways to indicate material's compression toughness, among which compression toughness index method is the most common in engineering [11] . In the up stage of stress-strain curve, 0.85 times of peak stress is called critical stress and the corresponding strain is called critical strain. Through using area which is surrounded by stress-strain curve and 3 times of critical strain to divide area which is surrounded by stress-strain curve and critical strain, the value got is called η c3 . According to that definition, the η c3 of UHMWPE fiber reinforced concrete under each fiber volume fraction and confining pressure is calculated in Tab. 3. Linear fit the relationship of η c3 with fiber volume fraction and confining pressure, which is shown in Fig. 4 Fig. 3 Fitting curves of parameter A and B It can be seen that confining pressure and fiber volume fraction have different affection in concrete's compression toughness. On the one hand, along with the confining pressure's growth, theη c3 gets down. However, different fiber volume fraction has different decline rate. When fiber volume fraction is between 0.3%~0.5%, the decline rate is the fast. On the other hand, along with the fiber volume fraction's growth, theη c3 gets up in a whole. Apparently, when the confining pressure gets 18MPa, the increase rate is the fast. Thus, it can be concluded that the effect of confining pressure and fiber volume fraction on concrete is not absolutely. There is a reasonable range for confining pressure and fiber volume fraction which could lead a most increasement in the compression toughness of concrete. 
Conclusion
(a) The stress-strain curve of UHMWPE fiber reinforced concrete has typical 4 stages. Confining pressure affects the strength mainly. The bigger confining pressure is, the bigger peak stress is. Besides that, the elasticity modulus of concrete in different fiber volume fraction differs apparently.
Mixing fiber could improve concrete's limit strain and confining pressure has synergistic effect on concrete's ductility.
(b) By using power function, the relationship between strength and confining pressure is fitted. Then by using quadratic function, the relationship between fiber volume fraction and parameter of the power function is fitted. Finally, the formula (4) is got to describe the relationship between strength, confining pressure and fiber volume fraction, which suits the test values well.
(c) Adopt compression toughness index method to estimate the effect of confining pressure and fiber volume fraction on compression toughness of UHMWPE fiber reinforced concrete. Along with the confining pressure's growth, the compression toughness goes down. The decline extent depends on the fiber volume fraction. Increase of fiber volume fraction will lead improvement in compression toughness. The improvement extent depends on the confining pressure. 18MPa confining pressure and over 0.5% fiber volume fraction is the best for compression toughness's improvement.
